Where harvesting, excitation transfer and charge separation occurs, the vesicles include several hundreds of complexes: A vesicle has N 2 LH2 harvesting complexes, N 1 LH1 complexes and an equal amount N 1 of RCs. In total, there are N 2 + 2N 1 complexes to be included in the excitation kinetics model. 
included in the excitation kinetics model. Each LH2 and each LH1 is supposed to have just two possible states (excited and unexcited), while RCs have four possible states (excited and unexcited, while it simultaneously can be open or closed). This fact determines a total number of 2 N 2 2 N 1 4 N 1 = 2 N 2 +3N 1 states. A typical membrane having ≈300-400 harvesting complexes, will have ≈ 10 100 probable states. Taking into account that W matrix will have a size of ≈ 10 100 × 10 100 , an exact master equation model is not practical within a complete chromatophore vesicle. Instead we adopt a stochastic approach.
I. OUR MODEL
The steps of our numerical simulation, which are explained in more detail in what follows, are:
1. Obtain coordinates and type of LHs, and numerate complexes. Choose neighbors according to a maximum center to center distance, including in the position j an array of all numbers corresponding to neighbor complexes of complex j. Rates are assigned according to the kind of couple.
2. Choose dt such that approximately only one event per excitation occurs, i.e. P i→{j}
1.
3. Send photons to the network, and add one to absorbed excitation n A . Excite randomly LH2s or LH1s, according to the total cross section of type of complexes from eq.(1).
Assign the position of the excitation according to the excited complex.
4. In case that RC cycling is taken into account, check if a time τ has elapsed for any of the closed RCs, and if so, open that RC.
5. If the ith complex is excited, excitation can be transferred to the available neighbors with probability P i→{j} from equation (2), or to other channels (dissipation, charge transfer) according to equation (3). Change internal states of acceptor and donor.
6. Check state of the excitation. When excitations are processed in a RC, the excitation disappears and internal state of the RC is set closed for a stochastically generated time of mean τ , if this excitation is the second after RC was initially opened.
7. Add one excitation to processed excitations n RC if it is used as such in a RC, or add one to dissipated excitations n diss , if within dt a dissipation event happened.
8. Once the kinetics of all existing excitation are calculated, internal states are saved permanently, start from step 3.
II. LIGHT ABSORPTION AND EXCITON DYNAMICS
Our starting point for building a stochastic model was to obtain the coordinates of LH1 (X i , Y i ), with diameter φ 1 , LH2 (x i , y i ) and diameter φ 2 . The neighbors i, j are defined when complex i is within a distance (φ i + φ j )/2 + δ from complex j, where δ is set from experimental evidence at 30Å
1 . An adjacency matrix A,
(Θ(x) is the step function) is found. A rate matrix Γ with Γ i,j = k i,j A i,j , where k i,j are the experimentally measured or theoretically calculated rates for complex i →complex j excitation transfer. After A is determined, excitation kinetics can be modeled. In general, photons excite harvesting complexes according to a stochastic process. However in order to remove a level of analysis which would not otherwise have changed our conclusions, we assume that every photon is absorbed with an average rate proportional to the membrane cross section. Excitation of the membrane by individual photons occurs in randomly chosen complexes LH1(2) with probability
where σ T OT is the total cross section of the membrane. Once the excitation is absorbed, the ith excited LH complex may transfer the excitation to its {j} available neighbors (LH1s, LH2s or RCs in ground state) with probability
If P i→{j} is greater that a random number in the [0,1) domain, transfer occurs. To know to which of these neighbors the excitation migrates, a second random number [0,1) a is generated. The acceptor j is chosen if this number belongs to the interval
The sum in eq. (2) is performed including the dissipation channel with a rate γ D in any complex. The rate of charge separation at the special pair in a RC happens at the rate (t + ) −1 . Therefore, these channels are included as extra neighbors and treated as such in eq.
(2), with the consequence that if chosen, the excitation leaves the membrane.
III. MULTIPLE EXCITATION DYNAMICS: BLOCKADE AND ANNIHILATION
Multiple excitation dynamics can give us insight of how a membrane behaves when suddenly a considerable amount of photons strike the membrane, consistent with the bunched statistics of thermal light, where the probability to have various consecutive excitations reaching the membrane together is higher than individually. Blockade and annihilation are effects which occur within the multiple excitation manifold. In the former, two excitations can not occupy the same complex 5 , while in the latter, two excitations annihilate when one occupies the site at which another is present 4 . With both mechanisms, only one excitation will remain in a given chromophore complex at a time. A master equation model needs to account for different numbers of excitations within the membrane, but one at most present in a given complex. Therefore, the states to account for, are binary representations on a site basis |i = |n 1 , ....n k , ...n N , where n k = {0, 1} depends on whether the k th complex is excited or not.
a. Blockade In the blockade case, the restriction on the number of excitations present per complex is fulfilled by the one excitation limit per complex, with dynamics governed formally by a master equation:ṗ
whose Green's function Exp(M t), will provide the probability vector evolution. In practice, the computational time required for a population calculation scales with the square of vector p(t) dimension: 2 2N , where N is the number of allowed excitations, equal to the number of complexes, in a calculation rapidly exceeding computational resources with a Green function formalism for cases slightly bigger than that presented in Fig.1(a) . In order to understand the kinetics induced by blockade, populations are presented for this architecture in Fig.1(a1) . In all cases, a consistency check is done, to compare with population calculated from stochastic simulations. The blockade effect in architecture Fig.1(a) produces a slow decrease in LH2
(2-1) population, whose only connection is to the LH1. This latter is initially excited, and to accept the LH2 (2-1) excitation, must first induce excitation in the RC. Hence, blockade slows dynamics toward RCs since available paths are reduced. The blockade effects in complete chromatophore vesicles becomes important when the interplay between available states and number of excitations, produces a net effect on the RCs ionization -or equivalently, on the membrane efficiency. The efficiency quantifies the ratio of excitations used to produce quinol at RCs, n RC , from the total number of absorbed excitations, n A .
The effect of blockade on the efficiency of two complete chromatophores whose coordinates are empirically found from AFM is presented in Fig.1(b) , as a function of an initial number n 0 of excitations, placed randomly along the membrane. The constant character of the global observables going up to 20 excitations, is evidence that the high number of complexes in a complete chromatophore produce a large amount of possible paths to RCs, such that the number of excitation-available states' interplay does not influence appreciably the special pair ionization rate. Therefore, we are able to disregard blockade as a major factor to influence chromatophore vesicle dynamics, since it does not comprise the metabolic output of the membrane.
b. Annihilation The easiest model to include annihilation is to expand the possible states within a complex, i.e {n i } = {0, 1, 2}. Every state with index n i = 2 will have a decay rate κ ann to the state with index n i = 1. Annihilation happens in harvesting complexes in the femto-second time-scale 4 . Effectively, states having two excitations will be not frequently populated. A model that takes into account annihilation indirectly without further expanding the spectrum of possible states can be done by noting that if an excitation at complex i jumps to the already excited complex j, one will be dissipated. Hence the transition element for the event |n 1 , ..., 1 i , ...1 k .. → |n 1 , ..., 0 i , ...1 k .. is the transfer rate 1/t ik .
We concentrate on the complete chromatophores, and due to state-space size restriction, only the results of the stochastic model will be presented. The stochastic model will therefore, annihilate one excitation whenever two occupy the same complex.
IV. RC DYNAMICS
Excitation dynamics is only one of the processes involved in the chain needed to process energy from photon absorption. The competing RC cycling dynamics involves ionization of a special pair P located inside a RC, charge transfer steps to facilitate quinol Q B H 2 formation, followed by undocking of Q B H 2 from the RC before a new quinone Q B molecule replaces it. Simultaneously, P neutrality must be reestablished by cytochrome cyt. Excitation kinetics and RC cycling dynamics are coupled and we have used their interplay to explain the observed experimental adaptation to light intensity 2,3 . The reported experimental evidence supports excitation dynamics change as a function of the RCs state 6,7 and although excitation transfer-RC cycling dynamics are of different time-scales, they should be coupled if interest is focused on the final state of excitations and on efficiency of membranes. Since the slowest rate involved in the RC cycle, is the process of removal of quinol from the RC within the milliseconds range 8 , we proposed a dichotomic process of open and closed RC states to model Qunone-Quinol exchange.
The transition "open"→ "closed" follows from the production of quinol or/and reduction of P. As cytochrome might replenish neutrality of P faster than the process of quinol removal, the second process will have a greater influence as its effect lasts longer. Quinol production requires two excitations. Once both have produced P reduction twice, a transition to "closed" state is performed. In a conservative approach, Quinol unbinding will not set "open" the RC before the RC-cycling time τ has elapsed.
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